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Abstract 
In this paper, the method of directly heightening the retaining walls by structural modification technology is briefly 
introduced. And the using effects of the structural modification technology are showed by experimental observations. 
The results indicate that, by the way of changing bearing modes of the original retaining walls, the bearing capacity 
of the new structure was greatly improved by the structural modification technology, which can get the maximum use 
out of the original structure for the extension or reconstruction of projects. This technology can not only effectively 
improve the using effects of the structure, largely save the engineering quantities, reduce the project cost and speed 
up the erection, but also reduce the construction waste and decrease the construction impact on the environment.  
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1. Introduction 
At present, many early water conservancy projects are in the low standard and need to be strengthened, 
extended or reconstructed. The structural modification technology based on new material technology is 
the effective means to achieve this goal. The structural modification technology is the technology to 
improve the overall bearing capacity of the structure through adopting some structural measures to 
change the basic bearing mode of the original structure [1]. In a city near to the main roads, the original 
protective structure of the urban river was gravity retaining wall made of the grouted stone masonry. The 
height of the wall was 3.7 meters measured from the foundation. For the urban construction, the wall 
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needed to be heightened about 2.76 meters built with grouted stone masonry. The original retaining wall 
had been built for a short time and its structure was basically integrity so that it was hoped to be 
continually used. If demolished and then reconstructed, there would be a huge cost, which will bring 
about a large amount of construction waste and a negative impact on the environment. According to 
conventional design [2], the retaining wall was expanded by the methods of heightened with grouted 
stone masonry on the original ones. During the construction process, a length of new heightened retaining 
wall was found tilted, and another problem was also met that the construction needed to excavate the 
urban transport artery. Therefore, this project is inaccessible, and the other way must be taken. Thus, the 
new plan of structure modification which makes use of new materials was proposed. The new plan had 
not only achieved the goal of the project，but also substantially reduced the project cost, protected the 
urban traffic road. Meanwhile, a large range of land area was circled to be constructed as a belt-shaped 
Park.  
2. The Ideas of Structure Modification for the Project 
The first principle for structure modification is to ensure that the original parts of the structure could 
not be overloaded [1], because the bearing capacity of the original structure was determined by the 
original loading conditions, so that the bearing capacity of the new structure at the original parts must not 
exceed the original operation conditions [3], otherwise, the new one may has a security risk. The second 
principle is to change the bearing mode of the structure on the basis of the current state of the original 
retaining wall [1]. According to these ideas above, the analysis of the compatibility for new and old parts 
of new structure under the operation conditions in the different damage types was firstly carried out, and 
then the usability of original structure at current situation was investigated. The conclusion is that the 
original structure is integrity and can be used. Although it runs for years, it has no serious damage. The 
foundation has been consolidated and no subsidence and the wall had no cracks exist. At the segment of 
the tilted new retaining wall heightened with grouted stone masonry on the original walls, the tilt of new 
structure was caused by the horizontal or lateral load pressure substantially increased with height of 
backfills and the foundation disturbance from excavating and water seeping those resulted in some 
damage on some part of the foundation. Therefore, as long as there are no increased height of backfill and 
the disturbance of the original foundation, the original retaining wall should be safe and can take certain 
vertical load, so that the construction for wall heightening just needs to reduce the horizontal thrust load. 
The foundation of the original retaining wall can be used as the basis for heightening retaining wall, on 
which new structure will be directly added.  
After the vision of heightened part on the original ones, the structural design and calculations of 
various relevant aspects, including the influence from frost-heaving force in winter, were carried out, and 
the structure modification program was proposed. That is: at 50cm above the original base, the lateral 
earth pressure on original parts was borne by the reinforced materials and the heightening parts by the 
composite reinforced structure composed of the geotextiles and steel-plastic tapes, which were used to 
bear the lateral pressure and restrain the horizontal displacement of the top of the wall. The new 
composite reinforced structure was entirely modified from the original structure, the profile looked same, 
but the mode of bearing load had been completely changed since the earth pressure and frost heave forces 
are mainly borne by the reinforcement materials. The heightening parts of the new retaining wall did not 
increase the lateral thrust on the original wall, and the original wall in the new structure was treated only 
as a foundation and did not bear or only bore a little bit of lateral thrust. This shows that the changes of 
the bearing modes have dramatically increased the bearing capacity of the structure.  
This program did not change the foundation of the original retaining wall, and also do not need to add 
any temporary drainage works, so that it can be constructed directly.  
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3. Onsite Observations for the Project during Operation 
To fully understand the running performance and working situation of the new retaining wall, 
especially the stress and displacement impacted by frost heaving on the new and original parts of the 
structure, the permanent observation equipments, which were the pressure sensor  and the clinometers, 
were installed on the modified parts. They were installed on the positions of different depth. The 
clinometers was installed on the top of wall and the other sensors were buried in the key positions with 
the different feature depth on the wall, there were two sets of sensors buried in the same feature depth, 
one for observation and anther for calibration. They were respectively used to measure the horizontal 
stress, the vertical stress and the displacement of the top of the wall. The observation started rightly after 
the completion of the project, and it is once per half of the month within a year.  
The data from observation period showed that with gradual consolidation of backfill soil, regardless of 
the frozen or non-frozen period, the data of observation points were relatively stable, as shown in Table 1.  
Table 1 The stress value on each part of new structure 
Buried depth     (cm) Horizontal Stress    (kPa) Vertical Stress   (kPa) 
110 2.2 19.1 
260 5.1 50.5 
360 6.3 58 
The sensors at 360cm depth were used to monitor the original parts, and the others the heightened parts. 
The clinometers were used to monitor the inclination angle of the wall. The observation data of 
clinometers for the new structure as showed in table 2.   
Table 2  The observation data of the new structure from the clinometer 
  
date 
Horizontal Stress    (kPa) Vertical Stress   (kPa) 
observation data inclination observation data Inclination 
2001,11,07 4919. 5 0°00′00″ 5058. 0 0°00′00″ 
2001,12,23 4919. 3 0°00′02″ 5058. 2 -0°00′02″ 
2002,01,10 
2002,02,06 
2002,02,21 
2002,03,07 
2002,03,26 
4919. 6 
4919. 2 
4919. 2 
4919. 5 
4919. 7 
-0°00′01″ 
0°00′03″ 
0°00′03 
0°00′00″ 
-0°00′02″ 
5057. 8 
5058. 4 
5058. 2 
5057. 6 
5057. 9 
0°00′02″ 
-0°00′04″ 
-0°00′02″ 
0°00′04″ 
0°00′01″ 
2002,04,13 4919. 8 -0°00′03″ 5058. 1 -0°00′01″ 
Table 2 shows data changes are very small, which are totally in the system error range (± 10 ") of the 
clinometer. It can be taken for that the angular displacement of the wall may be considered to be zero, 
which means that there was no horizontal displacement on the top of the wall. The project has been 
running nearly a decade, and the surface of the wall was no tilted in any direction, nor any signs of 
displacement and cracking.  
4. The Effect and Significance of Structural Modification Technology 
Firstly, the data of the design loads on the wall were analyzed. For simplicity, only the conditions of 
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no water behind of the wall were considered. And the backfill surface is supposed to be level. Generally, 
when there are no live and water loads, the lateral earth pressure aE  on the retaining wall can be 
calculated as the following [4].  
aa KhE
2
12
1
                   
Where 
  - the unit weight of backfill of retaining wall; 
 1h - the height of earth pressure above the water level; 
 ak - coefficient of active earth pressure.  
It can be seen from the above equation that the lateral earth pressure on the wall is increased with the 
square of calculation height or backfill height.  
When mh 7.31  , the lateral earth pressure aa KE 85.6  
When the wall heightened to 2. 76m, the lateral earth pressure aa KE 87.20  
It can be seen, after the retaining wall heightened, the lateral earth pressure is three times to the 
original wall.  
Secondly, the design scheme for gravity retaining wall was under the consideration. Calculated 
according to the same structure, the base width of the gravity retaining wall need to be nearly doubled, 
and the amount of grouted stone masonry need to be increased by about three times, the top width of 
excavation line would be increased by 2 times, which would have adversely affect the city’s traffic and 
the buildings on both sides of the river.  
The actual amount of the retaining walls heightened by the structural modification technology was 
much smaller than the original scheme. The foundation excavation did not impact on the surrounding 
roads, buildings, etc., and the actual security level of the structure was increased.  
Table 1 shows the measured lateral thrust on the original part of the new structure only is only 6. 3kPa, 
while the lateral thrust on the heightening part is smaller.  
In the reference [5], the running effects had been stated that after being modified, the lateral thrust on 
the original part of new structure was only a quarter of the old one, but the weight of heightened parts was 
added on the upside of the original retaining wall which made new structure bear stronger lateral thrust. 
Therefore, the modified structure is stable。 
Even in winter, the changes of the lateral thrust on the old or new parts of the new structure were very 
small. The frost heaving pressure on the modified structure may be considered to be absorbed or born by 
the reinforced materials or structures [2], which were used for the structure modification.  
From this practical project, it can be seen that demolishing original wall and then rebuilding new one 
would cause not only a huge cost, but also a huge investment and a large amount of construction waste. 
However, after using structural modification technology, not only the original structure is retained, but 
also the construction purpose is reached. From the observation data, the new project built with the 
modified structures is operating better than the original structure.  
This also shows that the role of the structural modification technology for the extension or 
reconstruction of the project is to substantially increase the bearing capacity and effectively retain the 
original structure as many as possible.  
The main significance of the structure modification is adopting new technology to solve the early 
engineering problems. When the concrete structure is near to the life expectancy or its bearing capacity is 
insufficient, the use of structural modification technology not only can significantly increase the bearing 
capacity and life span of the structure, but also reduce the project cost, the construction waste and the 
construction impact on the environment.  
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5. Conclusion 
The retaining wall directly heightened by structural modification technology can effectively keep the 
original structure, substantially increase the bearing capacity of the original retaining wall structure, 
significantly save investment and reduce the construction waste. The key for the retaining wall heightened 
by structural modification technology is how to change the bearing modes of the original structure to 
achieve a better result. The structure modification is different from the structural strengthening. The latter 
generally does not affect the bearing capacity of the original structure, the former changes the actual 
operating conditions of bearing modes of the original structure. For structure modification, the 
compatibility of operating conditions between the new and old parts of the new structure must be 
considered. Otherwise, after structure modification, the local loads of the structure may be increased 
which may affect the operating safety of the structures. Therefore, the structural modification technology 
is considered as a comprehensive one composed of structures and materials. 
In principle, to expand or increase the structural function of the existing hydraulic concrete structures, 
the structural modification technology can be used for a greater benefit, because it is carried out on the 
original structure which generally can continue to be used and on the basis of the old project the 
expansion or reconstruction is relatively much simpler. If the original structure is not completely aged or 
damaged, then by the structure modification, the old structure can be retained and the modified structure 
can have the same running effect with the new construction ones. 
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